OBJECTIVES: Ground-glass opacity (GGO) is a preoperative prognostic factor in resectable lung cancer. However, the impact of GGO on the T factor in the TNM staging system remains unclear and the maximum tumour dimension is also an uncertain measurement for assessing the prognosis of early lung cancer with a mixture of consolidation and GGO. Thus, we sought to determine which the better prognostic factor was, the size of the consolidation on computed tomography scan or the conventional maximum tumour dimension.
INTRODUCTION
Ground-glass opacity (GGO) on thin-section computed tomography (CT) has been reported to be one of the most important prognostic factors in resected lung cancers [1] [2] [3] [4] . Our recent prospective study on clinical stage IA adenocarcinoma of the lung led to a new definition of radiological non-invasive adenocarcinoma of the lung based on the findings of a CT scan [5] . These data demonstrated that lung cancer that shows GGO on thinsection CT scan has a very good prognosis and a minimally invasive nature on pathological examination.
In contrast, in the current TNM classification, T1 tumours, i.e. primary lung cancers smaller than 30 mm in diameter, are divided into two groups: those smaller than 20 mm are considered T1a, and those 20-30 mm are T1b. Thus, only the maximum tumour dimension has been considered when defining the T factor. However, even T1a lung cancer can show pathological nodal involvement by tumour cells, and this leads to the dogma that major lung resection, such as lobectomy or pneumonectomy, should be performed even for small-sized lung cancer [6] . T2 tumour which is predominated by GGO on thin-section CT scan could have a better prognosis than T1 tumour with no GGO on thin-section CT scan, which would mean that T2 tumour is associated with better survival than T1 tumour. This is paradoxical. Thus, we intended to determine which is a better prognostic factor in resected lung cancer patients, just the solid part on thin-section CT scan or the conventional maximum tumour dimension on CT scan.
(ii) segmentectomy or lobectomy, (iii) mediastinal/hilar nodal sampling or dissection, (iv) clinical stage IA and (v) maximal tumour dimension of <30 mm. The exclusion criteria included: (i) synchronous or metachronous (within 5 years) malignancy other than carcinoma in situ and (2) patients with preoperative treatment such as radiotherapy or chemotherapy. Mediastinal lymph node dissection was performed according to the methods described by Naruke et al. [7] . Segmentectomy was performed for patients with tumours that showed pure GGO on thin-section CT or for patients with high risk, such as poor performance in a lung function test.
All patients underwent thin-section thoracic CT scanning before the operation on an X-vision/SP (Toshiba, Tokyo, Japan). A conventional contrast-enhanced CT scan was performed to evaluate the entire lung for preoperative staging. In addition, the main tumour was evaluated preoperatively to estimate the extent of GGO with a thin-section helical CT scan with 2 mm collimation. Images were reconstructed with a field of view of 15-20 cm. The lung was photographed with a window level of -500 to -700 H and a window width of 1000-2000 H as a lung window setting, and with a window level of 30-60 H and a window width of 350-600 H as a mediastinal window setting. The size of primary nodules was determined digitally based on the findings of thin-section CT (2-mm thick). The consolidation component was defined as the area of increased opacification that completely obscured the underlying vascular markings. GGO was defined as the area of a slight, homogeneous increase in density that did not obscure the underlying vascular markings (Fig. 1) . In all patients, the time interval between CT scan and surgical intervention was <1 month. The medical record of each patient was examined to determine age, gender, pack-year smoking, preoperative serum carcinoembryonic antigen (CEA) level and histological tumour type. All preoperative radiological findings were reviewed on the lung window on thin-section CT scan by several of the authors (T. M., T.M., A.H., K.S.) and the following factors were evaluated: maximum dimensions of consolidation and the tumour, air bronchogram, pleural indentation and preoperative serum CEA level (Fig. 2 ). Univariate and multivariate analyses were performed by the logistic regression procedure with Stat Flex ver. 6.0 (Artech Co., Ltd) to determine the relationship between pathological nodal involvement and the above-mentioned clinical and radiological findings. In the multivariate analysis, stepwise procedures were used to determine the predictors for pathological nodal disease. A statistical analysis was considered to be significant when the P < 0.05. 
RESULTS
Between January 2004 and January 2011, 749 patients underwent surgery and 398 were found to be eligible. The 200 men and 198 women ranged in age from 30 to 89 years, with a median of 66 years. Pathological nodal involvement was found in 59 (14.8%) patients. Based on a univariate analysis, the maximum dimensions of consolidation and the tumour on thin-section CT, the presence of air bronchogram and the preoperative serum CEA level were significant predictors for nodal involvement (P < 0.01, respectively) ( Table 1) . Among 202 patients with lung cancer showing an air bronchogram on thinsection CT, 13 (6.4%) showed pathological nodal involvement. Among the 30 patients who did not show consolidation on thinsection CT scan, none had lymph node metastasis. If the size of consolidation was 10 mm or less regardless of the presence of air bronchogram, none of the patients had lymph node metastasis. On the other hand, among the patients with pure solid lung cancers, 59 (16.0%) had lymph node metastasis.
The multivariate analysis revealed that the maximum dimension of consolidation and the presence of air bronchogram on thin-section CT scan were significant factors for predicting nodal metastasis ( Table 2) . Among the patients with pure consolidation lung cancers, i.e. no GGO, and no air bronchogram, 44 (32.6%) showed nodal involvement. In contrast, none of the patients with of 10 mm or less and air bronchogram showed nodal involvement.
We investigated the relationship between nodal involvement and tumour size: the incidence of nodal involvement was 23/ 235 (9.8%) for tumours <20 mm in size, and 36/163 (22.1%) for tumours 20 mm or more in size. This difference was not statistically significant in a multivariate analysis. Neither was the preoperative serum CEA level significant in the multivariate model.
DISCUSSION
This is the first retrospective study to demonstrate that the maximum dimension of consolidation is a more suitable prognostic factor than the maximum tumour dimension as a measure of the T factor. Several studies have proved that radiological and pathological prognostic factors, such as GGO and a consolidation, are associated with lymph node metastasis. These investigations claimed that the prognosis of lung adenocarcinoma with a large area of GGO on thin-section CT scan was much better than that of conventional adenocarcinoma of the lung regardless of the maximum tumour dimension [8, 9] . On the other hand, a tumour with more than 50% consolidation component is considered to be 'invasive' carcinoma and could be more likely to show lymph node metastasis [10] . Only a few investigators have attempted to evaluate the extent of consolidation according to its proportion, rather than its maximum dimension [11, 12] .
In this study, the maximum dimension of consolidation was a significant predictor of pathological lymph node-positive status in both univariate and multivariate analyses, while the maximum tumour dimension was not significant in a multivariate model. This suggests that the maximum dimension of consolidation may be the most reliable measurement of the T factor for assessing a mixture of consolidation and GGO. Even for small lung cancers, lobectomy has been recommended as a standard procedure, since lymph node metastasis can be found in 15% of lung cancers <20 mm in size. Recent studies have shown that GGO and consolidation were well correlated with pathological lymph node metastasis and lead to limited surgical resection instead of lobectomy only when the maximum tumour dimension is <20 mm [13, 14] . However, our radiological findings could be used to predict pathological lymph node metastasis, and patients with tumours of pure GGO, with no solid component and larger than 20 mm in size, would be candidates for limited surgical resection such as segmentectomy with nodal dissection. This information may also be useful for treating early lung cancers, with the advantages of maintained lung function and a reasonable prognosis. The other significant predictor of pN0 disease was the presence of air bronchogram in the primary nodules. Air bronchogram is a radiographical finding, an air-filled bronchus surrounded by fluid-filled airspaces, and is mostly identified in areas with a slight, homogeneous increase in density on thinsection CT, such as GGO. However, with an increase in density and the solid component of primary nodules, it can be difficult to detect the underlying bronchovascular structure [15] . Disappearance of air bronchogram in the primary nodules shows that consolidation replaced GGO as a main component and its structure collapsed from a lepidic growth pattern [16] [17] [18] .
One of the major limitations of this study is that few patients with resectable early lung cancer developed recurrence or other medical conditions in this short follow-up period, and we could not evaluate the correlation between the long-term prognosis and radiological findings, such as the maximum dimension of consolidation and the presence of air bronchogram.
In conclusion, this study showed that clinical stage IA lung cancer patients with consolidation had worse outcomes than those without consolidation. The maximum dimension of consolidation was an independent unfavourable prognostic factor, regardless of the maximum tumour dimension. The maximum dimension of consolidation was an upstaging factor for the T classification.
